patients, a marked reduction of in vitro colony formation by erythroid, granulomacrophagic, and megakaryocytic bone marrow progenitors was observed in comparison t o normal donors. HIV-1 infection of marrow progenitors was investigated in studying individual colonies with the polymerase chain reaction (PCR) technique. No HIV-1 DNA could be detected in these colonies, suggesting either that marrow progenitors were not infected or that infected progenitors were not able t o generate colonies in vitro. The addition of antisense oligonucleotides directed against HIV rat or nef sequences in the culture medium led t o a significant increase in colony formation, suggesting that HIV replication in hema-
HE MAIN TARGET CELLS for the human immuno-
T deficiency virus (HIV) infection are the CD4+ lymphoid T cells and monocytes/macrophages. However, in addition to the immunodeficiency state, HIV infection is linked to other disorders. Among them, hematologic abnormalities are extremely frequent and nearly always present in the late stage of HIV infection.lZ2 They mainly consist of cytopenias affecting one or several hematopoietic lineages.lJ In some cases, as for isolated thrombocytopenia, the mechanisms are essentially due to a peripheral cell destruction and mimic those of other immune thrombocytopenic purpura (ITP).3,4 However, in most cases, cytopenias are associated with marrow morphologic abnormalities1,2 and deficient progenitor cell
The mechanisms leading to hematologic abnormalities remain unclear and may be multifactorial.1,2J0 Two nonmutually exclusive hypothesis may be propounded: (1) HIV may directly infect the stem cell/progenitor compartment and impair the differentiation/proliferation capacities leading to pancytopenia; ( 2 ) HIV infects regulatory cells and indirectly results in suppression of hematopoiesis.
It has now been clearly shown that some marrow maturing cells, such as monocyte/macrophage and megakaryocyte, may express HIV transcripts.6,8J1 However, conflicting results have been obtained concerning infection by HIV of the marrow stem cell/progenitor compartment. On one hand, it was reported that CD34+ cells (immature bone marrow (BM) cells including stem cells, progenitors, and precursors) were susceptible to in vitro HIV infection,12-14 but that viral replication could only be detected after the induction of the monocytic differentiation.12J3 Furthermore, hematopoietic progenitors from HIV patients may express the viral gp l2O.I5 On another hand, it was shown by others using the polymerase chain reaction (PCR) technique that HIV DNA was detected neither in CD34+ cells from an HIV patient6J6 nor in single colonies deriving from the in vitro differentiation of hematopoietic pr~genitors. ~J~ In this study, we have examined progenitor growth from HIV-infected patients and looked for the presence of HIV DNA in single colonies. Using the antisense strategy, we topoietic progenitors could be responsible for their defective growth. However, no HIV-I-infected colonies could be detected by PCR after the antisense treatment, indicating that the increase in colony number was not due t o the proliferation and differentiation of infected progenitors but t o an inhibition of HIV replication in an accessory cell. This last hypothesis was further confirmed by the absence of effects of antisense oligomers on the plating efficiency of hematopoietic progenitors grown from CD34+ cells. These data indicate that hematologic abnormalities of HIV-infected patients cannot be explained by a direct infection of hematopoietic progenitor cells and suggest that a defective modulation of progenitor cell growth by HIV replication outside these cells might play a role in these abnormalities. have tested the hypothesis that marrow progenitors may be infected, but were unable to differentiate and give rise to hematopoietic colonies.
MATERIALS AND METHODS

Patients.
We studied a group of 27 patients with HIV infection. The HIV infection stage diagnosis follows the classification of the Centers for Disease Control (CDC).I8 Among the 27 patients, 17 at stage IV and 10 at stage I1 were studied. They all exhibited
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Mannheim, Germany) at 37°C in a fully humidified atmosphere with 5% COz in air.
Isolation of CD34+ cells by the immunomagnetic bead technique. Two anti-CD34 monoclonal antibodies (MoAbs) previously describedI9 were used; QBEND 10 and My10 (IgG1 isotypes) were generous gifts from Drs M. Greaves (London, UK) and C. Civin (Baltimore, MD).
CD34+ cells were recovered from the marrow LDC by the immunomagnetic bead technique using the QBEND 10 MoAb at a dilution of 1/2,500 followed by paramagnetic beads coupled to a goat antibody to mouse IgG (Dynabeads M-450; Dynal, Oslo, Norway). Each antibody was incubated at 4°C for 30 minutes with a bead to target cell ratio of 5:1. CD34+ cells were isolated by magnetic separation and detached from the beads after chymopapain treatment (130 U/mL for 1 minute, repeated three times). 20 The purity of this cell fraction was further assessed by relabeling them with My10 after an overnight culture in Iscove's modified Dulbecco's medium (IMDM; Jbio, Paris, France) and 10% FCS at 37°C. Purity was estimated to be greater than 90% (up to 97%) by immunofluorescence.
Methylcellulose cultures were used for colony-forming unit-erythroid (CFU-E), burst-forming uniterythroid (BFU-E), and CFU-granulocyte-macrophage (CFU-GM) assays. Cultures were performed in the presence of 5% FCS, 5% supernatant from the Mo cell line?' 1 Ul/mL recombinant human erythropoietin (Epo; Amersham, Les Ulis, France), and ingredients of serum-free medium culture.z2 In experiments in which the oligonucleotides were included, cultures were performed in serum-free conditions as previously described.23 Briefly, the medium contained 1.5% deionized bovine serum albumin (BSA;
Cohn fraction V; Sigma Chemical Co, St Louis, MO), ironsaturated human transferrin (300 pg/mL; Sigma), calcium chloride (28 mg/mL), a mixture of sonicated lipids, 7.5 X mol/L a-thioglycerol, 100 ng/mL insulin, and 0.8% 4,000 cp methylcellulose in IMDM (Jbio). The lipid mixture was obtained by sonicating 7.8 mg cholesterol, 6.14 mg oleic acid, and 7.4 mg dipalmitoyl lecithin (all obtained from Sigma) in 10 mL of IMDM (without sodium bicarbonate) containing 1% serum albumin. Twenty microliters of this mixture was used per milliliter of culture. In these conditions, recombinant human granulocyte-macrophage colonystimulating factor (GM-CSF 2 ng/mL), interleukin-3 (IL-3; 100 U/mL) (both generous gifts from Genetics Institute, Cambridge, MA), and Epo were used as stimuli.
Cells were incubated overnight at 37°C in serum-free culture medium containing a final concentration of 10 pmol/L antisense or sense oligomers. Methylcellulose was then added and cells were cultured as above.
When responses to oligomers of CD34+ and low density nonadherent BM cells were compared, the technique of culture was slightly modified to minimize nonspecific inhibition by oligonucleotides and to obtain optimal conditions of culture for CD34+ cells. Cell incubation was performed overnight in a 100 FL volume. Cells were subsequently diluted in methylcellulose medium containing 5% serum and serum-free ingredients. Oligomers were added to keep a concentration of 10 pmol/L. Stimulating factors were a combination of recombinant human stem cell factor (SCF 50 ng/mL; a generous gift from Amgen, Thousand Oaks, CA), Epo, IL-3, GM-CSF, and granulocyte-CSF (G-CSF; Amgen).
The plasma clot technique was used as previously described for the CFU-megakaryocyte (CFU-MK) assay." This technique has the advantage of allowing an easy quantification of colonies by fluorescence labeling. In this technique, the source of serum was a serum derived from human platelet-poor plasma, used at a 10% concentration; CFU-MK growth was stimulated by 100 U/mL recombinant human IL-3.
Semisolid cultureprocedures.
Cultures were performed in triplicate in 1 mL volume in 35-mm petri dishes (Corning) with cell concentrations of 1 x los cells/mL for CFU-E, BFU-E, and CFU-GM assays and 5 x los cells/mL for CFU-MK assays. For experiments dealing with CD34+ cells, cultures were performed in duplicate at 1,000 cells/mL. Colonies were counted under an inverted microscope at day 7 or 14 of culture for methylcellulose cultures. In the plasma clot assay, cultures were directly labeled by an antiplatelet glycoprotein (GP) IIIa MoAb (Y2/51); binding was shown by a fluoresceinconjugated goat Fab'2 against mouse Ig (Silenus, Hawthorn, A~s t r a l i a ) .~~ Each dish was entirely scanned under an inverted microscope equipped for epifluorescence at a 4 0~ magnification at day 12 of culture and each cluster of three or more megakaryocytes were scored as a colony.
Inhibition of HIV replication by complementary oligodeoxy nucleotides. Unmodified oligonucleotides were synthesized using a DNA synthesizer (Applied Biosystems Inc, Foster City, CA) and purified either by two ethanol precipitation steps and multiple washes in 80% ethanol or by migration in a urea/polyacrylamide gel, followed by electroelution and ethanol precipitation. After evaporation to dryness, the oligonucleotides were dissolved in phosphatebuffered saline (PBS). We used two antisense oligomers in this study. One oligonucleotide is complementary to a region containing a splice accepter site for tat-encoded messenger RNA (mRNA) and has been shown in other studies to inhibit HIV expression. This oligonucleotide (5' ACACCCAATT'CTGAAAATGG 3')25 is named oligomer 1 in the text. The second is complementary to the 3' end of the nef sequence (5' CCCTTGTAGCAAGCTCGATG 3') beginning at position 9014 in the nucleotide sequence of the acquired immunodeficiency syndrome (AIDS) virusz6 and is named oligomer 2 in the text. The respective sense oligomers were used as control. 8E5/LAV cells were washed and resuspended at 5 x los cells/mL in serum-free medium as above and were'incubated in the presence or absence of the oligomers to be tested. After 48 hours, we examined the level of HIV expression by measuring tat transcript. Briefly, lo4 cells were recovered directly in a PCR microtube and lyzed as above. After heating at 95"C, the cDNA synthesis was performed in a volume of 30 pL containing 37.5 mmol/L Tris-HC1, 187.5 mmol/L KC1, 7.5 mmol/L MgC12, 0.7 mmol/L dNTP, 0.003% (wt/vol) gelatin, 0.1 pg of the antisense 3' PCR primer?' and 5 U of Avian myeloblastosis reverse transcriptase (Promega Laboratories, Madison, WI). After 40 minutes at 42"C, the reaction product was analyzed by PCR.
PCR. The PCR applied to CFU-GM-and BFU-Ederived colonies 15 days after plating, was performed according to the following protocol. The colonies were individually plucked from the methylcellulose medium under direct microscopic visualization and transferred directly in amplification microtubes containing 10 pL 0.9% NaCl solution. A 20 pL reaction mixture containing PCR buffer (10 mmol/L Tris-HC1, 50 mmol/L KC1, 2.5 mmol/L MgClZ,O.Ol% gelatin), 0.45% Tween, and 400 pg/mLproteinase K was subsequently added. The samples were incubated at 56°C for 50 minutes. Proteinase K was then inactivated by heating at 95°C for 10 minutes. Total extracts were amplified in a final volume of 100 pL containing PCR buffer, all four triphosphate deoxynucleotides (0.2 mmol/L each), and 2.5 U of TAQ polymerase (PerkinElmer Cetus, Norwalk, CT). A simultaneous amplification for HIV sequence and p-chain T-cell receptor (TCR)29 was performed by adding 20 pmol of HIV-1 gag-specific amplification primers SK 38/SK 3930 and P-chain TCR primers composed of a sense primer (5' CCTCAAGGAGCAGCCCGC 3') and an antisense primer (5' CGAGGTAAAGCCACAGTC 3') beginning at positions 355 and 1015, respectively, in the gene sequence of the human P-chain TCR.29 The products resulting from the coamplification of HIV sequence and P-chain TCR were 110 and 660 bp, respectively. The
For personal use only. on August 16, 2017. by guest www.bloodjournal.org From mixture was overlaid with mineral oil and subjected to 30 repeated rounds of amplification, each consisting of 1 minute of denaturation at 94"C, 1 minute of annealing at 50°C and 1.5 minutes at 72°C.
Amplification product (10 pL) was resolved on a 2% agarose gel, transferred to Hybond C extra, and hybridized overnight with 32P-labeled SK 1931 and the internal oligonucleotide probe (5' CTGTCAAGTCCAGTTCTA 3') for p-chain TCR amplification. Afterwashing twice in 2X standard saline citrate (SSC)/O.l sodium dodecyl sulfate (SDS) at room temperature and one time in 5X SSC/O.l SDS at 55"C, blots were autoradiographed.
The threshold sensitivity of the PCR technique was set by use of serial dilutions of HIV-infected 8E5/LAV cells?2 Noninfected CEM cells were included as negative control.
Analysis of tat transcripts after exposure of 8E5/LAV cells to oligomers was performed using primers and probes previously des~ribed.~' The conditions of amplification were the same as above except that each cycle comprised 1 minute of denaturation at 9 4 T , 1 minute of annealing at 55"C, and 1.5 minutes at 72°C for 35 cycles. Aliquots (10 +L) of the reaction were hybridized in liquid and subjected to 8% polyacrylamide gel electrophoresis and subsequent autoradiography at -70°C.
The Student's t-test for unpaired data was used for statistical comparisons of the number of colonies between HIV-infected patients and normal donors. The Student's t-test for paired data was used to test for significance of changes in the number of progenitor cells grown from cultures performed in the presence or absence of oligomers.
Statistical analysis.
RESULTS
Hematopoietic progenitor cells of HIV-infected patients have a defective in vitro growth.
Experiments were performed to determine the in vitro colony-forming efficiencies of BM hematopoietic progenitor cells from patients with stage I1 and IV HIV infection. Adherence-depleted mono-
7-
gm]
CFU-E E Y X )
CFU-GM nuclear cells from 24 patients and 10 healthy HIV seronegative donors were cultured in semisolid medium under identical conditions. The numbers of erythrocytic (CFU-E and BFU-E), granulomacrophagic (CFU-GM), and megakaryocytic (CFU-MK) colonies are shown in Fig 1. In comparison with healthy donor cultures, a striking reduction in the colony number was observed in HIV-infected marrow cultures: mean numbers of colony produced were 54 2 52 versus 379 2 173 for CFU-E-derived colonies, 30 5 27 versus 191 2 103 for BFU-E-derived colonies, 50 ? 45 versus 267 2 96 for CFU-GM-derived colonies, and 20 5 20 versus 88 ? 31 for CFU-MK-derived colonies. The differences were highly significant for all types of progenitors (P I .OOOS).
A decrease in colony formation was found in each patient and was not correlated to the clinical stage of the disease.
No HWDNA could be detected in BFU-E-and CFU-GMderived colonies in culture. In a first set of experiments, nucleated cells were recovered from the whole methylcellulose cultures, 15 days after plating and smears were prepared to investigate whether HIV-replicating cells could be detected. In situ hybridization was performed with a 35S-labeled probe derived from HIV-1 env sequence to show HIV transcripts and HIV-encoded proteins were studied by immunostaining with MoAbs directed against p24 and gp 120. Rare cells ( < 1/104) with a macrophage or lymphoidlike morphology gave a positive signal in preparation from 10 independent patients (data not shown). The lack of detection of HIV transcripts and proteins in erythroblastic and granulocytic cells derived from marrow progenitors did not out rule the possibility that these cells were infected. Indeed, these two procedures cannot detect infected cells with a low lcvcl or an ahscncc of HIV rcplication. Thcrcforc. wc uscd thc PCR tcchniquc to dircctly dctcct HIV DNA intcgration in cclls from colonics dcrivcd from RFU-E and CFU-GM progcnitors. Rccausc cach colony is clonal. viral DNA intcgratcd in a progcnitor would hc transmittcd to all thc progcny and. thcrcforc. to all cclls in a colony. In our culturc conditions. colonics dcrivcd from BFU-E and CFU-GM containcd 5 x IO' to 1 x IOJ cclls. If a pmgcnitor was infcctcd and had only onc HIV D N A copy inlcgratcd. at lcast S x 10' viral gcnomcs would hc prcscnt in a colony. To sct thc limits o f scnsitivity of our PCR coarnplifications at this thrcshold. wc uscd thc 8ES/LAV cclls that containcd onc HIV gcnomc pcr CCII.~? Conditions wcrc dcfincd to dctcct a spccific PCR product on IO() or morc 8ES/LAV cclls (IO or morc HIV D N A copics), so that contaminating cclls. which rcprcscnt lcss than 2'% of cclls in a colony pluckcd. would not producc falsc-positivc rcsult (Fig 2) . Twcnty individual RFU-E-dcrivcd colonics and 20 CFU-GM-dcrivcd colonics for cach of thc scvcn paticnts studicd wcrc analyrcd. In nonc of thcsc 280 colonics could HIV DNA hc dctcctcd. Rccausc thc failurc to dctcct HIV scqucncc in cclls from colonics could hc duc to D N A dcgradation in thc samplc or to a lack of tcmplatc, A wc coamplificd thc @-chain gcnc TCR ;I S iIn intcrnal control. As shown in Fig 3. @-chain TCR products wcrc shown in ill1 colonics. In addition. whcn I x lo' totill RM cclls from thcsc paticnts wcrc suhjcctcd to PCR analysis hcforc plating. hoth HIV and @-chain TCR products wcrc rcadily dctcctahlc. Thus. it appcars that progcnitor cclls pcncrating in vitro colonics from HIV-infcctctl paticnts do not harhw the HIV pcnomc.
Arrri.wnse oli~~~rrrrcli~oricIc. nddirion iricrcnscs colony gr~~n~flr.
Rcduccd colony-forming cfiicicncy and failurc to dctcct I11V scqucncc in hcmatopoictic colonics produccd hy RM cclls from HIV-infcctcd paticnts may rcncct an impaircd survival and/or prolifcration of infcctcd progcnitors. To tcst this possihility. wc invcstigatcd thc cffcct of two HIV antiscnsc olipniiclcotidcs on hoth colony formation and frcqucncy of infcctcd colonics. Antiscnsc oligomcrs wcrc first tcstcd at conccntrations hctwccn 2 and 40 pmol/L for thcir ahility to inhihit HIV rcplication. 8ES/LAV cclls wcrc cxposcd 10 thc oligomcrs and mr transcripts wcrc amplificd 48 hours latcr. Thc rcsults shown in Fig 4A and (Fig 4C) . In contrast, scnsc oligomcrs had no cffcct. Antiscnsc and thcir rcspcctivc scnsc wcrc thcn tcstcd for thcir cffccts on ovcrall numhcrs of colonics produccd hy RM cclls from an HIV paticnt culturcd in scrum-frcc mcdium. A significant incrcasc (7Or&) in colonics numhcr was sccn in culturc cxpscd to antiscnsc oligomcrs at 5 and IO pmol/L. At conccntrations grcatcr than IO pmol/I, a dccrcasc in colony numhcr was ohscrvcd. sugcsting a toxicity of the oligomcrs. This toxic cflcct was confirmcd on normal RM cclls in which thc various oligomcrs (scnsc or antiscnsc) dccrcascd colony growth in a dosc-dcpcndcnt manner. Rascd on thc dosc-rcsponsc curvcs drawn in Fig 4 and Tahlc I. thc dosc o f 10 pmol/L was uscd throughout thcsc cxpcrimcnts. ldcntical numhcrs of adhcrcncc-dcplctcd BM cclls from cach HIV-infcctcd paticnt wcrc incuhatcd ovcrnight with cach of thc antiscnsc or scnsc oligonuclcotidcs and in scrum-frcc mcdium alonc. Colony numhcrs and typcs wcrc scorcd aftcr 7 and 14 days in culturc. As shown in Fig 5. thc addition of cithcr antiscnsc oligomcrs to thc culturcs rcsultcd in a markcd incrcasc in thc numhcr of CFU-E-. RFU-E-. and CFU-GM-dcrivcd colonics. In addition. colonics culturcd with antiscnsc oligomcrs appcarcd to he of higgcr sizc than thosc of control culturcs (data not shown). Although somc variations hctwccn the two antiscnsc oligomcrs wcrc ohscrvcd. h t h had a stimulatory cffcct on colony formation hy HIV-infcctcd RM cclls. If all data arc comhincd, thc incrcasc of colony growth in thc prcscncc of antiscnsc oligomcrs in comparison with culturcs without oligomcrs rmgcd from 2br; to l 1RC+ (mcan. 70r/r) for CFU-E. from 35'i to llRr> (mcan. 77r/r) for RFU-E. and from 32r'r to 21 I% (mcan. 1233) for CFU-GM. Whcn compared with culturc pcrformcd in thc prcscncc of thcir rcspcctivc scnsc oligomcrs. thc incrcasc of growth in prcscncc of antiscnsc oligomcrs rangcd from 34r> t o IOlc+ (mcan. 1 2 W ) for CFU-E. from M r 5 to 13Xrh (mcan. 100r>) for RFU-E. and from 3 Y h to 308% (mcan. 17OC>) for CFU-GM. This last rcsult was slightly morc significant hccausc thc two scnsc oligomcrs had :I consistcnt inhihitory cffcct on h t h normal and HIV-infcctcd RM culturcs on fivc normal RM samplcs. Thc growth of mcgakaryocytic colonics (CFU-MK) was also studied in four patients (Tahlc 2). Thc addition of antiscnsc o l i p n uclcotidcs also significantly incrcascs thc number of CFU-MK-dcrivcd colonics in two of thcsc four patients (S2% for paticnt 17 and 6 5 3 for paticnt 18).
If thc incrcasc in thc cloning cfficicncy aftcr antiscnsc trcatmcnt was duc to an inhibition of HIV rcplication in infcctcd progcnitors, thus allowing thcir prolifcration and dificrcntiation, thcn colonics harhoring thc HIV gcnomc should hc dctcctahlc. To dircctly asscss this possibility. wc applied thc PCR tcchniquc to colonics pluckcd iIt random in culturcs pcrformcd in thc prcscncc of thc antiscnsc oligomcrs. As ;rhvc, 20 RFU-E-dcrivcd colonics and 20 CFU-GM-dcrivcd colonics from cach of thc scvcn patients wcrc studied. Of 280 colonics, nonc wcrc found to contain thc HIV gcnomc. although thcy a11 gavc a PCR product with primers dircctcd to amplify thc f3-chain TCR gcnc (Fig To confirm that thc oligomcrs wcrc acting on an acccssory ccll and not dircctly on thc progcnitors. thcir cffccts wcrc comparatively tcstcd on nonadhcrcnt low-density and CD34' cclls from thc samc paticnt. Thc culturc tcchniquc was slightly modified to minimize thc toxic cffccts of oligomcrs and to gct optimical conditions of culturc for CD34' cclls. Culturc mcdium contained Sr6 scrum as wcll as SCF (SO ng/mL) IL-3, GM-CSF. Epo. and G-CSF. Antiscnsc oligomcrs to HIV tal and ncf incrcascd thc plating cfficicncy of RFU-E and. at a lcsscr cxtcnt, of CFU-GM grown from nonadhcrcnt low-density marrow cclls in two of thc thrcc paticnts (Fig 7) . In contrast. thcy had no cffccts on culturcs from thcir CD34+ cclls.
6).
DISCUSSION
Thcsc studies wcrc dcsigncd to address thc mcchanisms whcrchy HIV infcction induces pcriphcral hlmd cytopcnias and morphologic BM changcs in 27 HIV-infcctcd patients. To clucidatc thc mcchanisms of cytopcnias and thc posdhlc rolc o f HIV infcction, wc uscd thc highly scnsitivc PCR tcchniquc and thc antiscnsc strategy in culturc. Wc first asscsscd thc in vitro growth potcntial of RM progenitors from 24 HIV-scropositivc patients and our rcsults show a low prolifcrativc capacity of all committed progenitors (CFU-E. CFU-GM. RFU-E, and CFU-MK) in comparison to normal marrows. In addition. wc found that thc growth of pcriphcral hlmd progenitors was cvcn morc dccrcascd in comparison to normal individuals (data not shown). Thcsc rcsults arc in agrccmcnt with scvcral prcvi- ous report^,^-^,^ but not 0ncI7 in which the growth of progenitors was considered to be normal. Thus, we investigated whether this growth defect could be related to a direct infection of hematopoietic progenitors. Using indirect immunofluorescence and in situ hybridization, we have been unable to detect HIV proteins or transcripts in erythroblasts and granulocytes derived from the differentiation of CFU-GM and BFU-E. As previously shown, these results also apply to CFU-MK differentiation.* This failure may be explained by a low level of HIV replication in myeloid, erythroid, or megakaryocytic cells either related to intrinsic cellular mechanisms or restricted by a component present in the culture system. The issue of direct HIV infection of marrow progenitors was then addressed by Although thcsc data suggest that hcmatopoictic progcniton arc not infcctcd by HIV in most paticnts. it cannot hc totally cxcludcd that infection occurs in a minority of progcnitors for thc following rcasons. First, to cxcludc a false-positivc rcaction hy a fcw CD4+ cclls contaminating thc CD34+ population, thc scnsitivity of thcir PCR was lowcrcd 10-to IO-fold. Rccausc primitivc progenitors rcprcscnt lcss than I% of thc CD34+ population." infcction could have hccn missed hy this prcxcdurc. Second. it is also possihlc thiit the cxprcssion o f the CD34 mnrkcr could hc rcduccd or lost in infcctcd progcnitors. Third, it has rcccntly hccn rcprtcd that I IIV DNA could hc dctcctcd in CD.34' cclls purified to ii 05'7 homogcncity aftcr in vitro infection.'. ' To invcstigatc further whcthcr progcnitors iirc infcctcd in cytopcnic pziticnts with HIV infection. wc uscd an antiscnsc RNA approach comhincd with PCR. Oligonuclcotidcs complcmcntary to HIV scqucnccs hwc Iwcn rcported to havc inhihitory cffccts against HIV. In thcory. the specificity o f oligonuclcotidcs is high.25 Howcvcr, nuclcotidcs and synthetic oligo-RNA dcrivativcs?' cxhihitcd inhihitory cffccts iigiiinst HIV similar to thosc agiiinst antiscnsc oligomers. Tlicir antiviral activity could hc mcdiatcd by thcir intcrfcron-inducing activity. Whatcvcr thc prccisc mcchanisms of the antiviral activity of thc antiscnsc compounds. thcir cffcct is highly scqucnccspecific. Thus. within thc samc conccntriition rangc (10 pmol/l,). rnt transcript cxprcssion in 8ES is dccrcascd hy ahout S O 3 with the rm and tic/ antiscnsc scqucnccs. whcrcas scnsc oligomcrs arc virtually incffcctivc. Whcn RM cclls wcrc incubated with two antiscnsc oligomers dircctcd against diffcrcnt regions in thc HIV-I gcnomc and culturcd in vitro, a msrkcd incrcasc was ohscrvcd in thc incidcncc of ;ill tvpcs of progenitors. Although somc diffcrcnccs wcrc found among thc paticnts. thc oligomer dircctcd against thc m f scqucncc was morc cfiicicnt than thc othcr dircctcd against the tat sequence. Such diffcrcnccs havc hccn prcviously ohscrvcd in a study in which oligomcrs dircctcd against diffcrcnt targct sitcs within thc 11IV RNA wcrc compared.:' Whcn PCR was pcrformcd on ii Iargc numhcr of colonics. no infcctcd CFU-GM-and RFU-E-dcrivcd colonics could hc dctcctcd. CFU-MK-dcrivcd colonies could not hc studicd hccausc thc numhcr of mcgakaryocytcs pcr colony was low iind thc isolation of singlc colonics was ;iSs(Wiiitcd with ;I high frcqucncy of contaminating cclls. Rcc;iusc thc antiscnscs wcrc ahlc to inducc on avcragc a twofold incrcasc in thc cloning cffcicncy and 280 singlc colonics wcrc studicd. it is rcasonahlc to concludc that thc incrcasc in colony numhcr was not duc to thc prolifcration and suhscqucnt diffcrcntiation of progcnitors infcctcd with HIV. Howcvcr, thc prcscnt rcsults show that thc dcfcctivc shown that marrow stromal cells, which play a crucial role in the regulation of early stages of hematopoiesis, can also be infected in vitro.36 Therefore, these data suggest that a defect in the regulation of hematopoiesis rather than a direct infection of progenitors is the main mechanism leading to cytopenia in HIV infection. However, our data, as well as data from other investigators, do not totally exclude the possibility that true stem cells can be infected by HIV because these cells cannot be directly cloned in semisolid assay. It is noteworthy that, after antisense treatment (this study) or T-cell d e p l e t i~n ,~ the cloning In conclusion, these data show that the deficiency of hematopoietic progenitor growth in HIV infection is related in part to viral replication outside the hematopoietic progenitor compartment and suggest that an alteration in the regulation of hematopoiesis related to the viral infection is a mechanism that may contribute to the cytopenias related to HIV infection.
